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There are a number of additional limitations that the authors probably cannot address but should mention:-1) The number of diseased vessels is not mentioned. This should be reported or added to limitations. 2) What happens to overall mortality in these cold spells? Is there a specific increase in SCD or just all-cause mortality? Presumably, the latter. If so, is the increase in SCD in excess of all-cause mortality for patients of similar age? 4) What proportion of all SCD were associated with IHD? 3) Are there any data on place of death? Presumably, when it is very cold, many people don't go out at all and so the actual cold exposure may be low. Is there an effect of air-pollution / dietary change rather than temperature? Good to think of the secondary behavioural consequences of a plunge in temperature.
VERSION 1 -AUTHOR RESPONSE

Reviewer(s)' Comments to Author:
Reviewer: 1 Reviewer Name: Shohei Ouchi Institution and Country: Department of Cardiovascular Medicine, Juntendo University Graduate School of Medicine, Japan Please state any competing interests: None declared Please leave your comments for the authors below Comments: This study demonstrated that severity of coronary stenosis was associated with ischemic sudden cardiac death (SCD) during the cold spells. These findings are very interesting and enable us to understand the association between cold weather and the pathogenesis of SCD. However, this reviewer has several concerns that authors should address further. RESPONSE: Thank you. We also find these findings very interesting. We address the Reviewer's concerns below.
Major comments:
1. This reviewer has major concern about the timing of estimation. The severity of coronary stenosis in patients with SCD had been estimated by autopsy after cardiac death. Many studies have demonstrated that severe coronary stenosis was not always existent before the onset of acute coronary syndrome (ACS). Plaque rupture and coronary occlusion may occur just before the onset of ACS. Therefore, it is difficult to know whether these severe stenoses existent prior to SCD. In other words, whether coronary stenosis before cardiac death modifies the risk of cardiac death remains unclear.
RESPONSE: This is an important concern, although it is easily resolved.
First, thromboses (soft occlusions) do not influence the grading of the severity of coronary stenosis. Actually, coronary thromboses often dissolve before the medicolegal autopsy. Acute erosions and plaque ruptures facilitate thrombus formation, but they also rarely influence the grading of the severity of coronary stenosis. The postmortem grading takes into account the hard plaque, which evolves slowly over time and is therefore representative of severity of coronary stenosis during life. Because these plaques progress slowly over time, the heart has time to adapt to the evolving status and/or create collateral circulation. We took this into account by itemizing CTO, and lack of effect in 100% stenosis was consistent with our hypothesis.
It is true that coronary stenosis earlier in life is not considered a reliable predictor of SCD or ACS, but we have presented a theory that cold weather creates special circumstances under which coronary stenosis can predispose patients to myocardial ischemia. This theory is in line with the current paradigm of SCD, where coronary atherosclerosis can function as the myocardial substrate, and transient ischemic changes in the diseased heart trigger life-threatening arrhythmias leading to SCD (substrate-trigger-paradigm). Fresh myocardial infarction scar was not common in our population. This is consistent with the paradigm, and further underlines the well-known differences between SCD and acute myocardial infarction (see below). We have made changes in the manuscript on these topics.
We recognize that prediction per se would require a lot more evidence, which is why we have been overtly cautious in making any definitive statements about this topic. We believe it is important enough question to speculate on. As per effect modification, this is the appropriate technical term for this study in its current form.
We would also like to clarify that acute myocardial infarction and SCD are different entities with different pathologies. This difference was recognized by WHO as early as 1985. The reviewer is referring to soft occlusions in the pathology of acute coronary syndromes, whereas we investigated hard occlusions in SCD.
2.The authors may want to describe the detailed characteristics of study population, including severity of coronary arteries. How many patients with severe stenosis have single or multi-vessel disease? Which artery showed severe stenosis (i.e. left main trunk, LAD proximal etc.)? RESPONSE: We have included characteristics of the study population as suggested:
"Of the 2572 SCD cases, 80% were men and 20% women. 44% were aged 35-64 years and 56% were aged 65 years or more. Details of the study population, including their use of medications, diagnostic status, and season of death, have been previously described [2, 4]" However, further details about the coronary status have not been available for this study. To accommodate the reviewer's comments, we have included a statement in the Limitations-section: "We did not have more detailed data on the status of the coronary arteries, so it was not possible to elaborate potential differences in effect modification between cases with single-vessel and multi-vessel disease."
3.This reviewer would like to know actual temperature information before SCD. RESPONSE: We have included temperature information as suggested: "A total of 2817 cold spells were identified. The lowest temperature at the home coordinates during the evaluated periods was -45.8°C, and the highest +21.9°C, with an overall temperature range of 67.7°C." 4.The authors should perform multivariable analysis, which includes age, BMI, gender and representative coronary risk factors. RESPONSE: We analyzed the occurrence of defined weather events during two period types. The contrast is the occurrence of the weather event during hazard period, and the occurrence of the weather event during similar reference periods. Individual characteristics of the cases do not influence the weather. Therefore they are not confounders in this study design. Differences in individual characteristics between cases would not affect the analyses either, because of the way we assess weather (see above), and because the analyses are inter-individual. Changes in individual characteristics over time would not influence the analyses. Each case contributes only one time point (date of death), and this is only used to demarcate the calendar time of the hazard-and reference periods when the assessment of the weather event takes place.
Multivariable analysis of individual characteristics is not possible in this study design. More importantly, these analyses are robust without the suggested multivariable analysis.
We acknowledge that the characteristics listed by the reviewer may be modifiers of the association between cold spells and SCD, and their role as effect modifiers could be assessed by stratified analyses similar to the one performed for coronary stenosis in this paper. While interesting, this is out of the scope of the current study.
We thank the reviewer for his comments. There are a number of additional limitations that the authors probably cannot address but should mention:-1) The number of diseased vessels is not mentioned. This should be reported or added to limitations. RESPONSE: We have modified the manuscript as suggested. The following paragraph has been included in the Limitations-section: "We did not have more detailed data on the status of the coronary arteries, so it was not possible to elaborate potential differences in effect modification between cases with single-vessel and multi-vessel disease."
2) What happens to overall mortality in these cold spells? Is there a specific increase in SCD or just all-cause mortality? Presumably, the latter. If so, is the increase in SCD in excess of all-cause mortality for patients of similar age? RESPONSE: We have not analyzed overall mortality, and we are not aware of any studies analyzing the association between cold spells and overall mortality in this geographical area/population. Therefore, it is not easy to compare these two outcomes.
Although the proportion of SCD on overall mortality associated with cold spells would be an interesting topic, it is out of the scope of the current study. We applied an explicit definition of SCD and captured all consecutive cases in the area during the study period. Postmortem studies of unexpected deaths are mandatory in Finland, and selection bias in our data is negligible. The proportion of SCD cases of overall mortality does not influence the results or interpretation of this study.
We have not made modifications to the manuscript. 4) What proportion of all SCD were associated with IHD? RESPONSE: 100% of the cases in this study were associated with IHD, as this was part of the selection criteria. We describe this in Methods: "Our study population was 2572 consecutive cases of ischemic SCD in the Province of Oulu, Northern Finland, 1998 -2011 whose main cause of death was atherosclerotic heart disease (ICD-10 I25.1)."
To provide a more thorough answer: the study period included 3614 eligible cases of SCD, of which 3574 were aged 35 or over. Out of these, 2572 cases (71%) were associated with IHD and included in this study. We have not elaborated these statistics in the manuscript, because we explicitly investigated ischemic SCDs, not all or nonischemic SCDs.
3) Are there any data on place of death? Presumably, when it is very cold, many people don't go out at all and so the actual cold exposure may be low.
RESPONSE: This is an interesting yet complex topic. First, there is no evidence that the most harmful exposures during cold weather occur in the outdoor environment (it can be safely argued that harmful exposures during weather events such as cold spells may also occur indoors). Because the induction times and exact thermal exposure patterns triggering the processes leading to death are not currently known, information on whether the cases were indoors or outdoors at the time of death may not directly represent the role of that environment in the exposure-outcome-process.
As per people not necessarily going out during cold spells, we got the same impression from our previous study (reference 1), but this is difficult to ascertain retrospectively.
We have previously discussed several aspects of this topic in detail. Because of its speculative nature, and because we would prefer keeping the current presentation concise, we have not made modifications to the manuscript. We are willing to include references by editorial request, but strictly speaking, we believe this may be off-topic.
Is there an effect of air-pollution / dietary change rather than temperature? Good to think of the secondary behavioural consequences of a plunge in temperature.
RESPONSE: We did not have air pollution data, and we included the following paragraph to Limitations as suggested:
"We did not have air pollution data in our study, and using it would have compromised our objective of producing effect estimates that are directly comparable with those from the two previous studies. Elaborating the meteorological components and characteristics of cold spells would be a meaningful future task, facilitating the development of meteorological alarm systems."
We agree that secondary behavior is an interesting topic. We have previously discussed this topic in the two recent papers using the same study population and methods, and we wanted to keep the current presentation concise. For this reason, we have not made modifications to the manuscript. Again, we are willing to expand at editorial request.
We thank the reviewer for his comments.
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GENERAL COMMENTS
The authors have saticifactrily responded to all concerns.
